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@ Process for producing pe*e^heftyWne4lem!ne mixtures. 

(g) Mixtures of N.N'^isufcwtitirted parapherryJenediamines 
are produced in a process wherein a nitrogen-containing 
compound such as 4*nhrodiphertylamine Is reductive!? alky- 
lated %*fth a plurality of ketones In sequence. 
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PROCESS FOR PRODUCING PAR APHENYLENEO IAMINE HIXTURES 
BACKGROUND OF THE INVENTION 

This invention relates to a process for preparing 
a niiture of N t N'-di subst ituted p*raphen/1 enediaaincs* 

N*N*-di substituted par a phenyl ened i amines are 
widely used in rubber as ant 1 deg radan t s, and are 
particularly effective in protecting vulcanized 
rubber from ozone attack, A number of different 
paraphenylenediamine <PPD) materials are made and sold 
commercially for this purpose. 

Blends of two or more PPDs have been advantageously 
used in rubber* and provide certain advantages over the 
individual PPD materials- Some PPDs exhibit melting 
points which are sufficiently close to room temperature 
as to give handling difficulties* It has been found 
advantageous to blend two or more PPDs for the purpose 
of obtaining a product which can be handled as a Hquid 
und r normal temperatures. Blends are also used where 
the particular properties of two or more PPOs are 
6 sired 1n a single product. 
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Blends f« b. produced by physically 
or .ore ..p.f •t.ly-prep.r.d PPOS, but this -ethod 
require* additional storage and oixing equipment. 

Another method of preparing blends is shown 
in 0. S. Patent 3,542,691, wherein a «i*ture of methyl 
isobutyl ketone and methyl isoamyl ketone is used to 
reductively alkylate 4-a»inodiphenyl a*ine, producing 
• » oixture of H,-Cl,3.di»et«ylbutyl>-N'-phenyl-£- 
Ph enylenedia.ine and «-C 1 ,4-d i -ethyl a.yl >-«• -phenyl -p- 
pnenylenediamine. This method has its drawbacks as 
.ell, primarily in the recovery of unreacted ketones. 
The reductive alkylation reaction necessarily produces 
, cer tain amount of by-product alcohols, resulting fro. 
hy <rogenation of the ketones, and these alcohols are 
extremely difficult to separate fro* the ketones. The 
fixture of two ketones, their respective alcohol 
counterparts and water presents a serious problem « 
the rftVver^oJ^able^y-produ^jnd I unreacted 



\ 

Ketones 



Thus, the need exists for a ..the. of prepare* 
.inures of PPOs which avoids the effort and expense 
of separate preparations, yet does not entail the 
prob 1e«,s inherent in the mixed-ketone process. 
SUMMARY OF THE INVENTION 
It is an object of the present invention to provide 
, process for preparing PPO mixtures which avoids the 
problems associated with the prior art processes. 
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This and other objects are accomplished by the 
process of the invention which is an improvement in 
the process for preparing a mixture of two or more 
different, N, N f ~disubstituted pa r a pheny 1 ened i act i nes by 
the reductive alkylation of a nitrogen-containing 
compound selected from 4-ni t rod i phenyl ami ne, 4-araino~ 
diphenyl amine, o~ni troani 1 ine and pa raphenyl enediami ne 
with two or more ketones selected from 

0 
•* 

CCH z ) )t and R]-C-R£ % 

wherein x is an integer of from 2 to 9 and R j and R^ 

are alkyl of 1 to 8 carbon atoms, with the proviso 
that the total number of carbon atoms in Rj and 

together is nine or less, in the presence of hydrogen 
and a catalyst, the improvement comprising charging 
the ketones sequentially and reacting each essentially 
to completion before charging the next. 

The ketones used in the process of the invention 
include, in addition to c y c 1 oh ex a none , acetone, methyl 
ehtyl ketone, diethyl, ketone, methyl propyl ketone, 
methyl isopropyl ketone, ethyl propyl ketone, ethyl 
isopropyl ketone, dipropyl ketone, diisopropyl ketone, 
oethyl butyl ketone, methyl isobutyl ketone, methyl se£ 
butyl ket ne, methyl tert -butyl ketone, ethyl butyl 
ketone, ethyl isobutyl ketone, ethyl sec -butyl ketone, 
ethyl t er t -butyl ketone, propyl butyl ket ne, isooropyl 
butyl ketone, propyl isobutyl ketone, pr pyl s c -butyl 
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fcetone, propyl tert -butyl ketone, isopropyl isobutyl 
ketone, tsopropy! tec-butyl ketone, isopropyl t£M- 
butyl ketone, dibutyl ketone, diisobutyl ketone, 

01- tec-butyl ketone, d i - tert-bu t y 1 ketone, butyl 
itobutyl ketone, butyl sec-butyl ketone, butyl 
tert- butyl ketone, isobutyl sec-butyl ketone, isobutyl 

' ter t -butyl ketone, tec-butyl tert -butyl ketone, 
5-heptanone, 5-«ethyl -2-hexanone (methyl isoamyl ketone) 
«-«ethyl-2-hexanone, 3-methy 1-2-hexanone , 3 , 4-d i methy 1 - 

2- pentanone, 3,3-dimeihyl-2-pentanone, 4 ,4-direthyl - 

2- pentanone, 3 7 octanone, 4- TO «th y 1-3-heptanone, 5-*ethyl- 

3- heptanone, 6-oethyl-3-he P tanone, 4, 4-d imethyl -3- 
hexanone, <• , S-d i me t hy 1 -3-h ex anone, S, S-dimeth? 1 -3- 
hexanone, 4-n©nanone, 5-methyl -4-octanone, 6-methy 1 -4- 
octanone, 7-methy 1 -4-oc tanone, 5,S-eimethyl-4-«*ptanone, 
5,6-dimethyl-4-heetanone, 6,6-dimethyt-<.-heotanone, 

and the like. 

Reductive alkylation of 4-ni trod i phenyl am i ne with 
a ketone produces a N-substituted N* -pheny1- £ -phenyl ene- 
die.ine by way of a two-step reaction. First, the nitro 
group is hydro 9 enated to give 4-a« i nod i pheny I am i ne . Then, 
the ketone adds to the 4-amino group in the second 
step of the reaction. If the starting compound is 
4-aminodiphenylamine the reaction can, of course, 
proceed in a single Step. If £ -ni troani line or phenylene- 
diamine it the nitrogen containing compound, successive 
ketone additions produce a product which is a mixture 
of symi" trical and unsymraetr ica 1 PPPs. 
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By reacting "essentially to completion*' is ^eant 
reacting to the extent that very little, if any, 
of the unreacted ketone is left in the reactor. 
Ideally* none will be left, however, trace amounts 
can resiin, as a practical matter, and will not negate 
the value of the process. 

The process of the invention is preferably 
performed at super a t mo s ph er i c temperatures and 
pressures, ©ore preferably at temperatures of from 
50* to 240*C and pressures of from about 1.5 to 15 
HPa % although higher pressures, up to 30 HPa can be 
used if desired* The reaction vessel used must be 
capable of withstanding the pressures used, so the 
use of extremely high pressures should be avoided* 
since they require prohibitively expensive equipment. 

A variety of catalysts are known to be effective 
in reductive alkylation or hydr ogena t i on reactions. 
Among these catalysts are nickel and/or platinum 
compounds, and cobalt or copper chromite- Preferred, 
in the process of the invention is platinum, and most 
preferably, platinum or carbon together with the 
acidic carbon co-catalyst described in Summers 
$♦ Patent 3,414,616, 

By definition, the process of the invention involves 
the reaction of two or more ketones in sequence- There 
is no theoretical limit to the number of ketones which 
could be used, although as a practical matter the use 
of m re than three ketones 1$ unlikely* and most 
processes will use only two. 
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Mo solvent need be used in the process of the 
invention, since the n i t rogen-cont a i n i ng compounds 
•re fluid at the temperature employed, and the 
ketones act as solvents or diluents in the reaction 
zone* Itf desired, however* a compatible solvent 
could be used, and if relatively inert to the 
reactants, catalyst and product, would not interfere 
with the process* 

At the recommended temperatures and pressures 
the tine of the reaction is sufficiently short as to 
be economically acceptable, yet not so short as to be 
difficult to control. Ideally, the reaction can be 
completed in several hours fro* initial charge to 
completion. If a nitrogen-containing compound is 
4-n i t rod i phenyl amine, the nitro reduction phase of 
the process can be completed in from ten to sixty 
minutes, preferably from 14 to 30 minutes, and is 
signalled by a sharp drop in temperature* The first 
and subseouent reductive alkylation reactions can be 
completed in from 30 to 150 minutes each. 

Recovery of the product merely requires removal 
of the catalyst and volatiles therefrom, and yields 
can run from 80 to 99+X* It is generally economical 
to recover and recycle excess ketone, if present* and 
usually preferably to separate from the ketone as much 
as is practicable of the impurities, comprising water 
and alcohols* The separation c#n be performed by 
distillation, with separation of aqueous portions of 
the aieotropes encountered, or with separation of the 
liqu ous layer foil yed by distillati n f the ke:one 
layer. 
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k number of advantages are realized by the 
process of the invention, as compared with the known 
•ethod of charging a mixture of ketones together with 
a ni t r oflen-cont a i ni ng compound: 
5 First* it is possible* in the process of the 

invention* to recover excess ketone which is a single 
ketone* rather than a mixture of two or more ketones. 
In recycling the excess ketone a difficult and costly 
separation step can t k us be avoided. 

10 Second, an initial charge of all the nitrogen- 

containing compound plus only one ketone results in a 
substantial excess of the nitrogen-containing compound 
being present during the initial stage of the reaction, 
thus providing a driving force for the reaction. Then, 

15 the charge of the last ketone can be in large excess* 

if desired, so as to provide not only a driving force 
for the reaction but also a solvent for the reaction 
mass. 

Third, the process of the invention gives a 
20 precise method of achieving a desired ratio of para- 

ph eny 1 en ed i am i n es in the product. The initial ketone 
charge can be reacted until no free ketone is found in 
the reaction zone, and the final step can be carried 
out until no nitrogen-containing compound remains, 
2S assuring precise control- In contrast, the reaction 

of the mixture of ketones is subject to their inherently 
differing reaction rates, which will be further changed 
by differing concentrations and temperatures as the 
react ion proceeds , 
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finally* process of the Invention permits 

a lower concentration of ketones in the reaction zone 
at any one tiae, thus reducing the amounts of ketone 
which are hydrogenated to alcohols, an undesirable 
side reaction which not only consumes a reactant but 
produces a by-product which is difficult to separate 
fro© the recovered unreacted ketone- 

In summary, the process of the invention provides 
an accurate, cost-saving method of producing mixtures 
of alkyl Cor cycloalkyl) substituted p a r a ph e n y 1 e ne- 
d famines* 

DETAILED DESCRIPTION 

A better understanding of the invention may be 
obtained by reference to the following examples, in 
which all parts are by weight unless otherwise indicated. 

EXAMPLE 1 

To a Parr autoclave equipped with an agitator l 
coil for heating or cooling. thermoweH, vents, 
rupture discs* appropriate sampling *-ents and stainless 
steel filter are charged 2U.3 parts by weight (KO mole) 
of 4-nitrodiphenylamine (4-NDPA), 56-4 parts by weight 
(0.494 mole) of methyl isoamyl ketone (MI AK) , 6.C 
parts by weight of 1Z platinum on carbon C63I water) 
and 6.0 parts by weight of acidic carbon co-catalyst 
(Summers U. S. Patent No. 3,414,616). 

The autoclave is purged twice with nitrogen and 
twice with hydrogen, and the reactor contents heated 
to 115* t 5*C. Hydrogen is fed into the system to a 
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prttsurt of from 2.0 to 2-8 HPa. After 20 minutes 
rtictlon a drop 1n temperature signals the end of the 
nltro reduction. The autoclave contents are then 
raised to 1S0° ± S # C snd 2.8-3.5 MPa hydrogen. After 
113 minutes at the higher pressure and temperature, 
sampling reveals that all of the rtlAK is reacted. 

The autoclave is then cooled and charged with 
1 20 parts by weight CI. 20 moles) of methyl isobutyl 
ketone (HIBO. The temperature of the reactor contents 
is then raised to 150° i 5°C and the hydrogen pressure 
is adjusted to 2.6-3*5 flPa for 95 minutes. At the 
end of this time no 4-NOPA is detectable and the crude 
product is filtered. 

The MIBK-water azeotrope is distilled from the 
filtrate and the aqueous layer of distillate returned 
to the distillation flask until only a s i ng 1 e*»ph a s e 
aqueous distillate is collected. 

The residue (product) is then heated to 150°C at 
a pressure of 40 am mercury (5.3 Pa) for 30 minutes, 
to remove residual volatiles. 270 grams of product are 
recovered. Analysis by ga s-c h rona t og r aphy indicates 
the final product to be 50. SX N- (1 ,*4-d i methyl amy 1 ) 9 - 
phenyl -£- phenyl en ed famine and 4 8. 7% N~(l»3-dimethylbutyl>- 
K ' -pheny 1 -£~ phenyl enediamine. 

EXAMPLE II 

The process of Example I is repeated several 
tim « f except that the a lar ratio of HIAK: RISK is 
changed from about 1:1 t about 2:1. The reductions 
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proceed as described in Example I, with the nitro 
reduction completed in 15-30 flinutes as signalled 
by a temperature drop. The reductive alkylation o* 
KIAK is completed in 75-115 minutes, as indicated by 
GC analysis of the reactor contents. The reductive 
alkylation of rU8K is then completed in 75-90 minutes, 
monitored again by GC analysis* Analyses of the 
product gave 62.2-65.02 N-< 1 , 4-d imet hyl amyl > -N f - 
pheny 1 -p-ph eny 1 e ned i am i ne and 32. 6-34. 7Z N-(l,3- 
dimethyloutyD-N' -phenyl -£-pheny 1 ened i am i ne . 

EXAMPLE III 

In order to evaluate the process of the invention 
in producing di-aHyl pa raph eny 1 ened i am i nes , the meth d 
of Examol e I was repeated % except that parani t roani 1 ine 
was substituted for 4-N&PA. The following were charged 
to the Parr autoclave: 

110.4 g. CO. 80 mole) par ani t roan i 1 i ne 

91.3 g. (0.80 mole) MIAK 

12.0 9. catalyst (1% Pt on carbon, 63Z water) 

6.0 g. carbon co-catalyst 

The autoclave was purged twice with nitrogen, 
then twice with hydrogen. A pressure of 2*1 3Pa hydrogen 
was placed on the autoclave and the exothermic reaction 
started at 20° C. The temperature was allowed to 
increase to 120°C (over a fifteen-minute period) and 
the hydrogen pressure was maintained at 2.0-2*8 HPa ♦ 
Aft r twenty minutes the hydr g n pressure stayed 
constant and the temperature b gan to d crease, indicat- 
ing completion f the nitro reduction- The autoclave 
contents were then heated to 150 ± 5 C and the hydrogen 
pressure kepr at 2.8-3-5 flPa for three h urs. 
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The autoclave was then cooled, and 184.49,(1.84 
©oles) HIBK were charged. Purging was again performed 
with nitrogen, then .with hydrogen and the reactor 
contents were* then heated to 150° i 5°C at 2-8-3.5 
HPa hydrogen pressure for three hours. 

The crude product was filtered, as before, and 
distilled. After removing residual volatiles the 
product was analyzed and found to contain: 

24. 51 N,N'-di CI *3-di methyl butyl) phenyl enedi amine 
54. OZ N-M , 3-d imethyl butyl )~N'-C 1 % 4-d i<ne t hy 1 amy 1 -p- 

phenylenediamine 
1° . 1 X N,N'-di(1,4-dinethy1amyl) -p- phenyl enediamine. 

The non-aqueous portion of the recovery stream had 
the following analysis: 

HIBK - 96. 6X 
methyl isobutyl carbinol (HIBC) - 1 .8X 

«IAK - 1 * 1 X 
methyl isoaayl carbinol (HIAC) - Q.5X 

In this instance, not all of the HIAK reacted- 
hence a small portion (about 12 of the charge) regained 
in the crude product and was distilled off. 

The products of the process of the invention 
find use as ant idegradant s for polymers, and especially 
as antiozonants for diene rubber. Their inclusion in 
rubber coapounds in the amount of from 0.5 to 5 parts 
by weight per 100 parts by weight of rubber gives 
excellent protection fron the degrading effects of 
zoni t especially in tire sidewall applications. 
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The products also find use in synthetic rubber, 
as a stabili2er during the recovery, drying and storage 
of the rubber. They are also useful as inhibitors of 
polymerization for monoroeric oaterials such as unsaturated 
carboxy acids and their esters. 

Although the invention has been illustrated by 
typical examples, it is not limited thereto* Changes 
and modifications of the exaaples of the invention 
herein chosen for purposes of disclosure can be made 
tfhich do not constitute departure fron the spirit and 
scope of the invention. 
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CLAIMS 



A process for preparing a mixture of two or more 
different N ,N '-disubsti tuted paraphenyl ene-diamines by 
the reductive alkylation of a ni trogen-contai ni ng 
compound selected from 4-ni trodiphenyl ami ne , 
4-aniinodiphenylaroine, parani troanil i ne and phenylene 
diamine with two or more ketones selected from 



C 



CH 2 >, 



and 



0 



wherein x is an integerof from 2 to 9 and Rj and 
are alkyl of 1 to 8 carbon atoms, with the proviso that 
the total number of carbon atoms in Rj and R^ together 
is nine or less, in the presence of hydrogen and a 
catalyst, characterised in that the ketones are charged 
sequentially and each ketone is reacted essentially to 
completion before charging the next. 



The process of Claim 1, wherein the ketones are 
selected from acetone, methyl ethyl ketone, methyl 
isobu^yl ketone, methyl isoamyl ketone and 
cyclohexanone. 
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3. The process of Claim 2, wherein 4-nitrodi- 
Ohenylamine is reductively alkylated first with methyl 
isoamyl ketone and then with methyl isobutyl ketone. 

A. The process of Claim 2 wherein C-aminodi- 
phenylamineis reductively alkylated first with methyl 
isoamyl ketone and then with methyl isobutyl ketone. 

5. The process ©* Claim I performed at super- 
atmospheric pressure and temperature. 

6. The process of Claim S wherein the reaction 
is performed at a pressure of from 1.5 to 15 MPa. 

7. The process of Claim 5 wherein the reaction 
is performed at a temperature of from 50° to 24C*C. 

8. The process of Claim 1 wherein the catalyst 
comprises platinum. 

9. The process of Claim 8 wherein the catalyst 
is platinum on carbon. 



10. The process of Claim 9 wherein an acidic carbon 
co-catalyst is also used. 



